In 1946, Rahn, Otis, Chadwick, and Fenn (1, 2) described a method for obtaining relaxation pressure-volume data for conscious subjects. Essentially the method requires that the subject inspire a measured volume, then close his mouth and nose and relax his respiratory muscles. During the period of relaxation, the pressure in the airway is measured by a manometer connected to a nasal tube; this pressure is assumed to equal alveolar pressure if the glottis is open and there is no airflow. Similar pressure measurements are made at the end of inspirations of different volume, and a relaxation pressure-volume curve plotted. Muscular relaxation is essential for this measurement if it is intended to give information about the balance between the elastic forces of the lungs and those of the remainder of the thorax, uninfluenced by active or reflex contraction or tonus of the respiratory muscles.
In 1946, Rahn, Otis, Chadwick, and Fenn (1, 2) described a method for obtaining relaxation pressure-volume data for conscious subjects. Essentially the method requires that the subject inspire a measured volume, then close his mouth and nose and relax his respiratory muscles. During the period of relaxation, the pressure in the airway is measured by a manometer connected to a nasal tube; this pressure is assumed to equal alveolar pressure if the glottis is open and there is no airflow. Similar pressure measurements are made at the end of inspirations of different volume, and a relaxation pressure-volume curve plotted. Muscular relaxation is essential for this measurement if it is intended to give information about the balance between the elastic forces of the lungs and those of the remainder of the thorax, uninfluenced by active or reflex contraction or tonus of the respiratory muscles.
The method of Rahn, Otis, Chadwick, and Fenn (1) appeared to be a simple technique for determining the elastic properties of the thorax of patients with cardiopulmonary disease and accordingly we applied it to a group of normal subjects and patients. However, we had considerable difficulty in obtaining reproducible curves in many of these ( Figure 1 ). Occasionally, this was due to the subject's inability to keep his glottis open but more often it appeared to be related to his inability to relax his respiratory muscles at endinspiration. This led us to speculate whether even a cooperative and well trained subject, having inspired to certain volumes, could voluntarily relax all of his inspiratory and expiratory muscles and relax these completely at all lung volumes. To test this, we obtained pressure-volume data in 20 anesthetized patients made apneic either by hyperventilation or by the injection of neuromuscular blocking agents and compared these with the data of Rahn, Otis, Chadwick, and Fenn (1). We found that at a given volume-inflation of the lungs, the pressure was about two times as great in our anesthetized patients as in the conscious subjects. To eliminate the possibility that this finding was due to different physical characteristics of our subjects as compared with Rahn's, we studied a second group of six patients in whom pressure-volume curves were obtained when the patient was unanesthetized and "relaxed" and then again after the patient had been anesthetized. Again the thorax was less compliant when the subjects were anesthetized.
METHODS
The physical characteristics of the patients are presented in Table I . The patients were about to undergo surgical procedures under general anesthesia but all were free from clinical pulmonary disease except for patient No. 5 who had mitral stenosis and No. 20 who had a right apical lung cyst. All patients were anesthetized and studied in the supine position, with two exceptions (see Table I ). In most cases, a cuffed endotracheal tube, nasopharyngeal tube or oral airway was introduced to insure an open airway. Just before the measurements of pressure and volume were made, apnea was produced by passive hyperventilation with high oxygen mixtures or by the injection of decamethonium bromide or succinyl choline chloride (Table I ). Then one arm of a four-way metal tube ( Figure 2 ) was attached to the anesthesia mask or endotracheal tube, a second arm to a Benedict-Roth spirometer writing on a rapid kymograph, a third arm to the anesthesia machine and the fourth to an anaeroid manometer. Hemostat B was closed, the lungs were inflated by pressure on the anesthesia bag and then hemostat A was also closed. After reading the pressure in the static mask-airway-lung system, hemostat B was removed, permitting the lungs to deflate passively to their resting expiratory level; the expired volume was recorded on a kymograph and corrected to B.T.P.S. Between (Tables I and II) .
In patients number 21 to 26, relaxation pressure measurements (method of Rahn) were also made before pre-anesthetic medication was given; measurements were repeated within three hours on the same patients in the anesthetized state.
RESULTS
The compliance of the thorax of anesthetized patients number 1 to 20 was found to be far less than that reported by Rahn for 10 conscious, relaxed, supine subjects. This was true whether the data were compared as per cent of vital capacity (Figure 3 ) or as volumes above the resting expiratory level ( Figure 4 ). Our patients were predominantly female and their average age (42.5 years) was considerably greater than that of Rahn's subjects. However, the dissimilar physical characteristics of the two groups of subjects cannot explain these differences because patients number 21 to 26 (all female, average age 33 years) had pressure-volume data similar to those obtained by Rahn when they were studied in the conscious, "relaxed" state. Nevertheless, compliance decreased markedly when these six patients were anesthetized and made apneic by hyperventilation or succinyl choline (Table III) . 
DISCUSSION
anesthetized animals (3) however, indicated that, because of interference by pulmonary reflexes, we The purpose of these experiments was to meas-would not obtain satisfactory pressure-volume ure the elastic properties of the thorax of man, curves unless the anesthesia was deepened to the uninfluenced by contraction or tone of the respira-point of respiratory failure. Since such deep anestory muscles. In order to eliminate the effect of thesia in man would neither be safe nor yield conscious muscular effort, the studies were done physiological data, we decided to eliminate rhython anesthetized patients. Our experience with mic respiratory movements by (a) hyperventilat- ing patients under surgical anesthesia with high oxygen mixtures or (b) supplementing the anesthesia with neuromuscular blocking agents. Adequate amounts of the latter agents probably eliminate all contractions and tone of the respiratory muscles. There is no assurance that hyperventilation abolishes tone; however, increase in arterial Pco2 increases inspiratory tone in the apneustic animal (6) and presumably a decrease in arterial Pco2 has the opposite effect.
There is no doubt from the experiments in which each patient was used as her own control that the thorax was less compliant when the patient was anesthetized and apneic than when she was conscious and "relaxed." One might conclude from this that "relaxation" pressure curves in conscious subjects do not in fact provide a true measure of elastic forces because inspiratory tone still exists and creates a larger thorax than in the truly relaxed state. This conclusion is strengthened by the studies of Gordon, Fainer, and Ivy (7) who found that manual methods of artificial respiration always produced a greater tidal exchange when the subject was conscious and "voluntarily suspended" his breathing than when the same subject was anesthetized and curarized; they attributed this to the inability of subjects to suppress completely "normal respiratory mechanisms and the desire to breathe." However, before such a conclusion can be accepted, it must be shown theat the anesthesia, hyperventilation or neuromuscular blocking agents have not produced changes in the properties of the lungs and other thoracic structures other than the suppression of muscular contraction and tone. Some of these alterations might be:
(a) Bronchial obstruction. It is possible that anesthesia, hyperventilation, the use of drugs, or the insertion of an endotracheal tube, may lead to bronchial obstruction by constriction of bronchiolar smooth muscle, mucosal edema or congestion or the secretion of mucus. It is known that bronchiolar obstruction may decrease lung compliance8 by reducing the lung volume in communication with the ambient air (8) and possibly also by a "stiffening" of lung tissue; indeed, intense bronchiolar constriction may result in a pressure-volume curve that is essentially that for the tracheal-bronchial tree (9) . We were unable to measure absolute values for F.R.C. in the op- 8 The term "lung compliance" is used in this paper to mean the increase in lung volume per unit pressure change. The term "thoracic compliance" is used to denote the increase in thoracic volume per unit pressure change applied to the airway; "thoracic compliance" includes compliance of the lung plus that of the chest wall and its muscles, the diaphragm and intrathoracic structures displaced by inflation of the lungs. "True thoracic compliance" is used to denote the increase in thoracic volume per unit pressure change applied to the airway when no voluntary or involuntary skeletal muscle contraction or contracture assists or resists the volume change.
erating room and we have no certain way of knowing whether the airways to some alveoli were occluded completely. However, if the changes in compliance were due to this factor alone, approximately 40 per cent of the airways must have been completely occluded.
(b) Pulmonary congestion. Price, Conner, and Dripps (10) have found that prolonged deep anesthesia with cyclopropane may lead to changes suggestive of pulmonary congestion; anesthesia with Pentothal@ does not produce similar effects. We did not use Price, Conner, and Dripps' technique and cannot be sure that pulmonary congestion did not occur as a result of the use of anesthesia or neuromuscular blocking agents. However, the change in compliance noted in our studies occurred in patients anesthetized with ether, thiopental, and nitrous oxide as well as with cyclopropane and occurred whether anesthesia was deep or light (apnea produced by neuromuscular blocking agents).
(c) Change in skeletal muscle tone. It is possible that hyperventilation, by a reduction in arterial Pco2, may lead to a decrease in inspiratory and an increase in expiratory tone of the respiratory muscles and that this may lead to a further decrease in compliance. However, neuromuscular blocking agents are believed to paralyze both the inspiratory and expiratory muscles of respiration. The resting expiratory level was recorded in six additional patients during the administration of succinyl choline and indicated that a mean increase in F.R.C. of 257 cc. occurred. This rules out contracture of the expiratory muscles but does not eliminate the possibility of a contracture of the inspiratory muscles. Both decamethonium and succinyl choline are capable of causing contracture of skeletal muscle in some species but, in man, they generally lead to transient fasciculation followed by flaccid paralysis. In our studies, decamethonium and succinyl choline were administered until complete apnea developed.
(d) Changes in vagal reflexes. Certain anesthetic agents sensitize vagal stretch receptors and lead to rapid shallow respiration (11) ; although these effects would not be apparent in an apneic patient, they might be reflected in an increased tone of respiratory muscles. Culver and Rahn (12) and Van Liew (13) have shown that va-gotomy is followed by increased thoracic compliance3 in anesthetized dogs. From this, it appears that the vagi carry tonic impulses which contribute to decreased thoracic compliance, possibly to prevent overdistention of pulmonary tissues. Nevertheless, afferent vagal impulses should not be able to exert any influence after complete neuromuscular block has been produced, as in these studies.
(e) Artefacts. Rahn measured inspired volume whereas we measured the volume expired after lung inflation. The positive intrapulmonary pressure used in our studies may reduce pulmonary blood volume, thus allowing more room for air; however, correction for this factor would yield still lower values for compliance in our anesthetized patients.
CONCLUSIONS
We have no certain way of determining whether the true value for compliance of the thorax," uninfluenced by contraction or tone of the muscles of respiration, is that obtained in conscious, "relaxed" man or in anesthetized, apneic patients. We suspect that the value obtained in conscious man is too high because man may be unable voluntarily to suppress completely the tone of his inspiratory muscles. However, we have not been able to prove that the only important change in our apneic patients is the production of flaccid paralysis or to rule out, by direct means, the possibility that compliance is abnormally low because of changes produced by anesthesia, intubation, drugs or hyperventilation.
